The lactate dehydrogenase-elevating virus (LDV) is a lipoprotein-enveloped virus of intermediate size (see reference 27) containing a genome of single-stranded RNA with a mol wt of about 5 x 106 as estimated by zone sedimentation in sucrose density gradients (9). Although LDV resembles the togaviruses in certain of its characteristics, it has not yet been classified because of various uncertainties and controversies about its structure and physicalchemical properties. The present studies were designed to obtain further information about these properties, particularly with respect to the structure, stability, and density of the virions and their cores, the nature of the viral structural proteins associated with the core and the viral envelope, and the molecular weight and secondary structure of the viral RNA. A preliminary report of some of these results has been presented (M. B.
Lactate dehydrogenase-elevating virus (LDV) was purified from culture fluid of infected primary cultures of various mouse tissues (peritoneal macrophage, bone marrow, spleen, and embryo) and from plasma of infected mice. Electron microscopy of negatively stained virus and positively stained sections of LDV revealed spherical particles of uniform size with a diameter of about 55 nm, containing an electron-dense core with a diameter of about 30 nm. During sample preparation the envelope had a tendency to slough off and disintegrate to form aggregates of various sizes and small hollow particles with a diameter of 8 to 14 nm. Two strains of LDV exhibited a density of 1.13 g/cm3 in isopycnic sucrose density gradient centrifugation whether propagated in primary cultures of the various mouse tissues or isolated from plasma of infected mice. A brief incubation of LDV in a solution containing 0.01% Nonidet P-40 or Triton X was sufficient to release the viral nucleocapsid, whereas a similar treatment had no effect on Sindbis virus. The nucleocapsid of LDV exhibited a density of 1.17 g/cm3, was devoid of phosphatidylcholine, and contained only the smallest of the viral proteins, VP-1, which had a molecular weight of about 15 ,000. The envelope contained two proteins, VP-2 with a molecular weight of 18 ,000 and a glycoprotein, VP-3, which migrated heterogenously (24,000 to 44,000 daltons) during polyacrylamide gel electrophoresis. When compared to the sedimentation rate of 29S rRNA, the RNAs of LDV and Sindbis virus sedimented at 48 and 45S, respectively, whether analyzed by zone sedimentation in sucrose density gradients containing low or high salt concentrations or denatured by treatment with formaldehyde. Our results indicate that LDV should be classified as a togavirus, but that LDV is sufficiently different from alpha and flaviviruses to be excluded from these groups.
The lactate dehydrogenase-elevating virus (LDV) is a lipoprotein-enveloped virus of intermediate size (see reference 27) containing a genome of single-stranded RNA with a mol wt of about 5 x 106 as estimated by zone sedimentation in sucrose density gradients (9) . Although LDV resembles the togaviruses in certain of its characteristics, it has not yet been classified because of various uncertainties and controversies about its structure and physicalchemical properties. The present studies were designed to obtain further information about these properties, particularly with respect to the structure, stability, and density of the virions and their cores, the nature of the viral structural proteins associated with the core and the viral envelope, and the molecular weight and secondary structure of the viral RNA. A preliminary report of some of these results has been presented (M. B. Darnell, J. K. Collins, and P. G. W. Plagemann and seeded immediately. Spleen and mouse embryo cell cultures were prepared as described previously (35, 36) . Spleen cells were grown in medium 58B, and mouse embryo cells were propagated in Eagle minimal medium supplemented with 10% (vol/vol) fetal calf serum and antibiotics.
Viruses and preparation of unlabeled and radioactively labeled virions. Our strain of LDV was obtained in 1971 from the plasma of a C3H mouse carrying a transplantable tumor. Another strain of LDV was kindly supplied by A. L. Notkins. Pools of LDV were prepared as follows. Plasma was harvested from 24-h LDV-infected mice and diluted fivefold with medium 58B, filtered through a membrane filter (MA type, 450-nm pore diameter, Millipore Corp.), and stored at -80 C. The final suspensions contained approximately 109 median infectious units (ID,,) per ml. Virus titers were estimated by titration in mice as described previously (33) .
West Nile virus (strain E 101) and Sindbis virus (strain SAAR 339) were propagated in brains of newborn hamsters as described previously (8) . Brain pools of West Nile virus and Sindbis virus contained 108 to 109 and 1010 to 1011 PFU/ml, respectively, and were stored at -80 C. Plaque assays were conducted in LLC-MK2 cells and chicken embryo fibroblasts, respectively (8) .
The various primary cultures of mouse tissues were infected with 20 to 50 ID,, of LDV or 30 PFU of Sindbis virus per cell 2 to 24 h after planting into 25 (31) and/or infectivity. The density of gradient fractions kept at 4 C was measured directly by weighing 100-gl aliquots. For additional analyses (see below) fractions containing virus or viral components were pooled and mixed with 2.5 volumes of ethanol at -20 C and small amounts of total cellular RNA from Novikoff rat hepatoma cells as co-precipitant. The precipitated material was collected by centrifugation after 24 to 48 h at -20 C.
LDV was also labeled in vivo. Mice were injected intraperitoneally with 500 MCi of [5-3H Juridine 4 h after an intraperitoneal injection on unlabeled LDV (10' ID,dmouse), and their blood was collected by the retro-orbital bleeding technique 24 h after infection. The plasma from four mice was pooled, diluted fivefold with B12, and then clarified; LDV was isolated by isopycnic centrifugation on 0.5 to 1.5 M sucrose gradients as described above.
Isolation of viral RNAs and analysis by velocity sedimentation. RNA was isolated from virions or viral components by extraction with phenol-SDSchloroform by the method of Perry et al. (29) or by deproteinization by incubation at 37 C for 5 min with vigorous mixing in B6 containing 2% (wt/vol) SDS. Samples of RNA were centrifuged in linear 0.15 to 0.9 M sucrose density gradients in an SW27 rotor at 20 C for 10 h. The salt composition of the gradient solutions varied and is indicated in the appropriate experiments. One-milliliter fractions were collected from the gradients and analyzed for radioactivity in acidinsoluble material as already described. Sedimentation rates of RNA were estimated by the method of Martin and Ames (20) using hot phenol-extracted 29 and 18S rRNA from NlS1-67 cells as standards (32) .
Isolation of viral proteins and separation by gel electrophoresis. Samples of protein-labeled virus or viral components were supplemented with 1% (wt/ vol) SDS, 1% (vol/vol) mercaptoethanol, and 0.5 M urea and incubated at 37 C for 1 h. The samples were concentrated to about 0.5 ml by vacuum dialysis against a solution composed of 10 mM sodium phosphate (pH 7.4), 0.1% (wt/vol) SDS, and 0.1% (vol/vol) mercaptoethanol. Samples of 0.2 ml of the concentrated solution were supplemented with 0.04 ml of a 60% (wt/vol) solution of sucrose and 5 gsl of a 0.1% (wt/vol) solution of bromphenol blue. The proteins were separated by electrophoresis in 7.5% (wt/vol) SDS-polyacrylamide gels containing 0.2% (wt/vol) N, N'-methylene-bis-acrylamide as described by Maizel (19) . Electrophoresis was in 20-cm glass tubes at 100 V for 8 h. The gels were sliced into 1-mm slices, and these were allowed to swell in 1 ml of water for 1 h at room temperature. Then the slices and eluates together were analyzed for radioactivity. Radioactivity determination. Radioactivity was measured by liquid scintillation counting. All samples were mixed with 8 ml of a modified Bray solution described previously (34 RESULTS Density of LDV virions. Results from previous studies (9) indicated that LDV propagated in primary mouse macrophage cultures has an unusually low density for an enveloped animal virus (1.12 to 1.13 g/cm3). A similar value (1.14 g/cm 3) has been reported for macrophagepropagated LDV by Michaelides and Schlesinger (21), whereas a density of 1.17 g/cm3 was reported for LDV propagated in mouse embryo cultures (25) or isolated from the plasma of infected mice (37) . These different results suggested the possibility that the density of LDV might vary with the type of host cell and reflect differences in the lipid composition of the host membrane. Another possibility was that the differing results were due to the use of different strains of LDV. Our results negate both possi-
bilities. We have propagated LDV in primary cultures of mouse peritoneal macrophages, and of mouse bone marrow, spleen, and embryo cells, and have also isolated LDV from the plasma of infected mice. In each case LDV banded at a density of about 1.13 g/cm3 during isopycnic centrifugation in sucrose density gradients. Virus was located in the gradients by infectivity titrations or a radioactive label in the viral RNA or by both methods. Representative gradient profiles of LDV propagated in mouse embryo cultures and peritoneal macrophage cultures and of virus isolated from mouse plasma are illustrated in Fig. 1 . Furthermore, a second strain of LDV, kindly supplied by A. L. Notkins, exhibited the same density when propagated in peritoneal macrophage cultures and analyzed in the same manner (Fig. 1B ). Detergent and proteinase treatment of LDV. Studies by Michaelides and Schlesinger (21) have shown that treatment of LDV with 0.2% NP-40 at room temperature for 1 h released two of the viral proteins in a soluble form. A similar treatment has been used to isolate the nucleocapsid of alphaviruses (13), but in the case of LDV the physical properties of the particles remaining after NP-40 treatment had not been studied in detail. The following results demonstrate that LDV is much more sensitive to detergent treatment than alpha togaviruses. The results in Fig. 2A (Fig. 2B) . The RNA within these particles, however, was completely degraded after a brief exposure of the particles to RNase, whereas the RNA within mature virions was resistant to such treatment (Fig. 2D ). Incubation of LDV in solutions containing 0.01% (vol/vol) Triton X (Fig. 2E) In another experiment we incubated partially purified, uridine-labeled LDV in a solution containing 0.05% (wt/vol) ["4C ]deoxycholate at 4 C for 10 min and then analyzed the mixture by isopycnic centrifugation in a sucrose density gradient. No significant binding of labeled deoxycholate to the 1.17-g/cm3 particles could be detected. Less than 0.2% of the total radioactivity (70,000 counts/min) was recovered in the lower part of the gradient (see Fig. 2A) ; the remainder was present in the upper 8 ml of the gradient (data not shown).
Incubation of LDV in solutions containing 2.5 mg of trypsin per ml at 22 C for 30 min (Fig. 2E ) or 1 mg of bromelain per ml at 22 C for 60 min (data not shown) had no effect on the density of LDV. Treatment of NP-40-treated particles with trypsin, on the other hand, resulted in complete destruction of these particles (Fig.  2E) .
Lipid and protein composition of LDV and of NP-40-released particles. To obtain further information about the nature of the 1.17-g/cm3 particles released by NP-40 treatment, we propagated LDV in macrophage cultures in the presence of labeled leucine, choline, glucosamine, or mannose. The virus was purified and then analyzed by isopycnic centrifugation in sucrose density gradients before and after incubation with 0.01% NP-40. About 30% of the total leucine label associated with intact LDV remained associated with the NP-40-treated particles equilibrating at 1.17-g/cm3, whereas the remainder was recovered in the upper portion of the gradient (Fig. 3A) . In contrast, all choline-, glucosamine-, and mannose-labeled components of LDV were released in a soluble form by NP-40 treatment (Fig. 3B-D) . The results suggest that the remaining particles were devoid of phospholipids (at least of phosphatidylcholine) and glycoproteins and therefore represented free viral nucleocapsids. This conclusion is supported by analysis of the leucine-and glucosamine-labeled proteins by acrylamide gel electrophoresis. Fig. 4B illustrates a typical profile of leucine-labeled LDV proteins. The profile is similar to that reported by Michaelides and Schlesinger (21) for LDV, except that our estimates of the molecular weights of the proteins are slightly greater than those reported by these investigators. The molecular weights, as estimated from the migration rates in 7.5% polyacrylamide gels relative to those of nine standard proteins, were 15,000 for Vp-1 and 18,000 for Vp-2 (Fig. 4C) . A molecular weight for Vp-3 could not be estimated with accuracy because it was heterogeneous (24,000 to 44,000 daltons; Fig. 4B ). The apparent heterogeneity was not an artifact of the method since Vp-3 from West Nile virus, a flavi togavirus, which possesses three proteins similar to those of LDV, migrated as a homogeneous fraction under similar conditions of analysis (Fig. 4A) . Furthermore, a similar heterogeneity of Vp-3 from LDV was observed in 10% acrylamide gels (data not shown) and has also been observed by Michaelides and Schlesinger (21) using 15% acrylamide gels. Vp-3 was the only LDV protein labeled with glucosamine (Fig. 4E ) or mannose and thus is the only glycoprotein of LDV. Polyacrylamide gel electrophoresis of the proteins from 1.17-g/cm 3 particles remaining after NP-40 treatment (see Fig. 3A ) showed that this particle contained only the smallest of the viral proteins, Vp-1 (Fig. 4D) . The other two proteins, Vp-2 and Vp-3, were recovered from the upper portion of the gradient of NP-40-treated virions ( Fig. 3A  and D; Fig. 4D and E) . Properties of LDV RNA. Our previous estimate of the molecular weight of LDV RNA of 5 x 106 was based on a sedimentation coefficient of about 48S estimated by zone sedimentation in sucrose density gradients of moderate ionic strength, using 29 and 18S rRNA from Novikoff cells and various other viral RNAs as markers (9) . An RNA of this size could contain 10 times more genetic information than is required for coding for the three structural proteins of LDV. The true molecular weights of many viral RNAs, however, are not known with certainty because their secondary structure or other properties may differ from those of the rRNA's. For instance, the RNAs of cardioviruses sediment significantly more rapidly (34S) than 29S rRNA in sucrose density gradients containing 0.1 M NaCl, whereas both types of RNA sediment at about the same rate in gradients containing 1 mM salt (22, 23) . Similarly, Sendai virus RNA sediments at 32S in dimethyl sulfoxide gradients when compared to 29S rRNA, whereas it sediments at 47S in normal sucrose density gradients (16) . The electrophoretic mobilities of the RNAs of Sendai virus and tobacco mosaic virus in formamide-polyacrylamide gels are also not as expected from their molecular weights when compared to the mobilities of 28 and 18S rRNA's from chicken cells (11) . We have, therefore, investigated the effect of salt concentration and denaturation on the sedimentation behavior of LDV RNA. The results in Fig. 5 show, however, that LDV RNA sedimented at approximately 48S when compared to 29S rRNA, whether analyzed in sucrose density gradients containing high or low concentrations of salt. Furthermore, denaturation of LDV RNA by preincubation with formaldehyde (5) also did not alter its sedimentation rate relative to that of rRNA (Fig. 6) . Similarly, the sedimentation rate of Sindbis virus RNA (approximately 45S) in relation to rRNA was not affected under these experimental conditions (data not shown). The results suggest that the RNAs of both LDV and Sindbis virus exhibit secondary structure similar to that of the rRNA's of mammalian cells and that a molecular weight of 5 x 106 may be a valid estimate for the RNA of LDV. Notkins (26, 28) reported that butanol-, chloroform-, ether-, or phenol-extracted pellets obtained by high-speed centrifugation of plasma from LDV-infected mice were infectious when inoculated undiluted into mice and that this infectivity was destroyed by treatment with RNase. To confirm the conclusion drawn from these studies that LDV RNA is infectious, we have isolated RNA by phenol-SDS-chloroform extraction of purified, uridine-labeled LDV, purified the RNA by zone sedimentation through a sucrose density gradient (see Fig. 2B ), and inoculated intracerebrally or intraperitoneally 0.1-ml aliquots of various dilutions of this RNA into groups of mice. The RNA was clearly infectious, but its titer varied with the route of inoculation. One milliliter of RNA solution extracted from 109 ID,, of LDV contained 104 ID,50 of infectious RNA when inoculated intracerebrally and 102 ID50 when inoculated intraperitoneally. Based on a 70% recovery of RNA from purified virus, as estimated from the recovery of radioactivity, a maximum ratio of the infectivity of LDV RNA to infectivity of intact LDV was estimated as about 10-5.
Fine structure of LDV. Electron microscopic examinations of crude preparations of LDV have suggested that LDV is bottle shaped or possesses tails and thus has a unique structure FIG. 2. Isopycnic centrifugation of uridine-labeled LDV and Sindbis virus before and after treatment with detergents and/or trypsin. Uridine-labeled LDV and Sindbis virus were partially purified from culture fluid from infected cells by banding in isopycnic sucrose density gradients as described in Materials and Methods (see Fig. 1A ). The fractions containing labeled virus were pooled and diluted threefold with B12. These virus suspensions were treated as follows: samples of LDV (A) or Sindbis virus (C) suspensions were supplemented with 0.01% (vol/vol) NP-40, mixed, and incubated at 4 C for 10 min. Duplicate samples of each remained untreated. (D) Two samples of LDV suspension were supplemented with 25 Ag of RNase A per ml, and one of them also with 0.01% NP-40, then mixed, and incubated at 22 C for 30 min. (E) One sample of LDVsuspension was supplemented with 0.01% (vol/vol) Triton X, mixed, and incubated at 4 C for 10 min. Two other samples were supplemented with 2.5 mg of trypsin per ml, and one of them also with 0.01% NP-40, mixed, and incubated at 22 C for 30 min. All samples were analyzed by isopycnic centrifugation in 0.5 to 1.5 M sucrose density gradients as in Fig. 1 . One-milliliter fractions were collected from the gradients, and aliquots thereof were analyzed for radioactivity in acid-insoluble material and density. In (A), fractions were also assayed for infectivity, and the total virus titers in each peak are indicated in the graph. (B) The remainders of the three peak fractions of the 1.13-and 1.17-g/cm5 particles in A (see bars) were pooled and mixed with 2 volumes of ethanol at -20 C. The precipitates were collected, treated with SDS, and analyzed by zone sedimentation in 0.15 to 0.9 M sucrose density gradients in B6 using 29 and 18S rRNA as markers as described in Materials and Methods. All frames are composites of independent gradients. VOL. 16, 1975 (-) . Both samples were incubated at 4 C for 10 min and then analyzed by isopycnic centrifugation in 0.5 to 1.5 M sucrose density gradients as in Fig. 1 . One-milliliter fractions were collected, and aliquots thereof were analyzed for radioactivity in acid-insoluble material. The remainders of certain fractions in A and D were pooled (see bars) for further analysis by polyacrylamide gel electrophoresis (see Fig. 4 ).
(1, 10). Data from our electron microscopic examination of purified and semipurified preparations of LDV are not in agreement with this conclusion. Micrographs of positively stained sections of pelleted LDV purified from the plasma of infected mice by isopycnic centrifugation, followed by repeated differential centrifugation, revealed populations of spherical particles of relatively uniform size with an average diameter of about 55 nm, which contained an electron-dense core of about 30 nm in diameter. In some preparations which were obtained by twice pelleting LDV directly from plasma which had been diluted fivefold with B12, crystalline arrangements of LDV were observed (Fig. 7A  and B) . LDV purified from culture fluid harvested from 24-h infected macrophage cultures had the same size and structure, except that a proportion of the virions exhibited an elliptical shape ( Fig. 7C and D) . We believe, however, that this elliptical shape is due to distortion of the particles which results from purification of the virions and/or preparation of the samples for electron microscopy, since such particles were not observed in preparations of LDV obtained from plasma without extensive purification ( Fig. 7A and B) , and since LDV seems extremely unstable. We encountered great difficulties in preparing negatively stained LDV. Variations in the negative staining procedure and fixation with glutaraldehyde failed to yield satisfactory results. Intact virions were only observed in preparations twice pelleted from diluted plasma (Fig. 8A and B) . The diameter of these particles was similar to that of particles observed in positively stained sections. On the other hand, when LDV preparations were examined in a similar manner after isopycnic centrifugation in sucrose density gradients, particles in various stages of disintegration were observed. Some of these micrographs, nevertheless, are of interest since they reveal certain features of the fine structure of LDV. For instance, Fig. 8C illustrates a loosening and sloughing off of the viral envelope, revealing the viral core structure with a diameter of about 30 nm. Figure 8D illustrates a later stage of disintegration. The larger particles, with a diameter of about 30 nm, are probably viral cores. The nature of the smaller particles of heterogenous size is not clear, but they most likely represent various-sized aggregates of the sloughed off viral envelope, since little fibrillar material indicative of disintegration of the viral core was detectable on the grids. In addition, in some micrographs we have observed small hollow particles, which measured about 8 to 14 nm in diameter (Fig. 8E) . These particles resemble the substructure, which is faintly distinguishable in the envelope of whole virions (see arrow, insert Fig. 8B) , and seem to become released from the virions during their disintegration (insert, Fig. 8E ).
Lack of hemagglutination activity of LDV. We have assayed suspensions of purified LDV containing 108 to 109 ID5dml for hemagglutinating activity at 37, 22, and 4 C using chicken, rabbit, mouse, and sheep erythrocytes and various buffers with a range of pH values found optimal for the agglutination of erythrocytes by different togaviruses (6) . No agglutination of any of the erythrocytes under any of the experimental conditions was observed. DISCUSSION Our results support the view that LDV should be classified as a togavirus. Morphologically, both in fine structure and size, LDV clearly resembles togaviruses. Bottle-shaped or tailed particles were not observed in our studies, nor in another recent investigation (13a). Such pleomorphic particles probably arise due to distortion during preparation for electron microscopy because the envelope of LDV is unusually labile. In one case this effect may have been compounded by interaction with immunoglobulin used to concentrate the virions (1). The proposed new descriptive name for LDV indicating a bottle-shaped structure (1), therefore, is unwarranted. The release of aggregates of varying size and of small hollow particles upon sloughing off and disintegration of the envelope of LDV also seems typical for certain togaviruses. For instance, Smith et al. (40) observed 14-nm "doughnuts" and 7-nm subunits in dengue-2 virus preparations, and Bergold et al. (3) found numerous open ring-like structures in preparations of various togaviruses. Furthermore, like many togaviruses, LDV matures by budding through intracytoplasmic membranes (5a) . The RNA of LDV is also like that of togaviruses in that it is single stranded, has a molecular weight of about 5 x 106, and is a positive strand. Although the latter point has not been proved unequivocally, the fact that LDV RNA is infectious and that no viral RNA synthesis occurs in macrophages in the presence of inhibitors of protein synthesis (5a) strongly supports this view (see reference 2). In addition, preliminary evidence indicates that LDV RNA contains a segment of polyadenylic acid (Brinton-Darnell and Plagemann, unpublished data). The secondary structure of LDV RNA is similar to that of Sindbis virus RNA and rRNA, but differs from that of the RNA of some picornaviruses (22, 23) . In its possession of three structural proteins LDV also resembles togaviruses. The localization of the proteins of LDV in the core and envelope, however, differs from that of the proteins of alpha or flavi togaviruses. Alphaviruses possess one or two glycoproteins which are located in the envelope and one polypeptide in the core (24, 38) . Flaviviruses, like LDV, possess one glycoprotein and two polypeptides, but the intermediate size protein rather than the smallest protein, as is the case with LDV, is the only polypeptide associated with the nucleocapsid (39) . The glycoprotein of LDV also differs from that of flaviviruses in its apparent heterogeneity. It is not clear at present whether this variation in gel migration is due to microheterogeneity in the carbohydrate moiety associated with the protein or reflects the presence of more than one glycoprotein. Based on the assumption that the three LDV proteins contain about the same relative proportion of leucine, we estimate from the distribution of leucine radioactivity among the three proteins that Vp-1, Vp-2, and Vp-3 are present in LDV in a ratio of 2 to 3:1:1. This ratio differs from that (3 to 5:1:1) estimated by Michaelides and Schlesinger (21) . LDV differs from alpha and flavi togaviruses in other properties. First, its density is significantly lower than that of other togaviruses or any enveloped animal virus. Our present results indicate that the higher values reported previously (25, 37) are not due to propagation of LDV in different host cells or the use of different strains of LDV. More likely they resulted from differences in techniques. Our values seem accurate since two other viruses, a type C virus (9) and Sindbis virus, used as controls, exhibited densities of 1.16 and 1.175 g/cm3, respectively, which agree with those reported for these viruses by other investigators (12, 14, 30) . Second, the envelope of LDV is more labile than that of alpha or flavi togaviruses and tends to slough off. The lability of the envelope is indicated by the extreme sensitivity of LDV to detergent treatment and the fact that the virions tend to disintegrate upon preparation for electron microscopy. Whether this lability and the low density of LDV are related in some manner is not known. The viral core also exhibits an unusually low density (1.17 g/cm3), in spite of the fact that it seems devoid of phospholipids. This low density does not seem to be due to the binding of detergent used to remove the envelope. In agreement with this observation, it has been found that detergents tend to interact mainly with the glycoproteins of the envelope rather than with the polypeptides associated with the nucleocapsid of enveloped viruses (see reference 17). Third, LDV does not possess projections, which are present on the surface of both alpha (7) and flavi (15) togaviruses. The absence of surface projections is indicated by electron micrographs of untreated LDV and by the fact that the density of LDV is not affected and that no leucine or glucosamine label is released from the virions upon incubation with proteinases. Such treatment removes the surface projections of Sindbis virus and significantly decreases the density of the virions (7). These results indicate that the glycoprotein of LDV is more intimately associated with the lipid bilayer of the envelope than those of alphaor flaviviruses. Whether this property is related to the lack of hemagglutinating activity of LDV is not known. The carbohydrate moiety of the LDV glycoprotein, nevertheless, is located on the outer surface of the envelope, since LDV, like Sindbis virus (4) and other enveloped viruses (41) , is precipitated by concanavalin A. Our results, therefore, indicate that LDV does not belong to either the alpha or flavi togavirus groups. Additional studies are required to determine whether LDV is related to other as yet unclassified viruses. Fig. 3A and D. Leucine-labeled WNV was isolated in a similar manner. The suspensions were treated with SDS, and the proteins were separated by electrophoresis on 7.5% polyacrylamide gels as described in Materials and Methods. cultures by banding in isopycnic sucrose density gradients. Peak fractions were pooled (see Fig. 1 ), diluted fivefold with B12, and pelleted twice as described above for the plasma LDV. Virus pellets were fixed, stained, and sectioned, and the sections were examined in the electron microscope as described in Materials and Methods. Magnifications: (A) x30,000, (B) x120,000, (C) x120,000, (D) x240,000.
VOL. 16, 1975 on October Plasma collected from mice 24 h after infection with LDV and (C-E) LDV from culture fluid of 24-h infected macrophage cultures was partially purified by isopycnic sucrose density gradient centrifugation. Mouse plasma and LDV containing gradient fractions were diluted fivefold with B12, clarified by low-speed centrifugation, and then centrifuged at 100,000 x g at 4 C for 2.5 h. The pellets were resuspended in small amounts of B12. Samples thereof were added directly onto grids. The grids were stained with phosphotungstic acid and examined in the electron microscope as described in Materials and Methods. Magnification: (A) x45,000; (B-E) x240,000.
